To relieve the financial burden faced by households, the Korean National Health Insurance (NHI) system introduced a "copayment ceiling," which evolved into a differential ceiling in 2009, with the copayment ceiling depending on patients' income. This study aimed to examine the effect of the differential copayment ceiling on financial protection and healthcare utilization, particularly focusing on whether its effects varied across different income groups. To assess the effects of the differential copayment ceiling on utilization, out-of-pocket (OOP) payments, and catastrophic payments, various random-effects models were applied. Utilization was measured as treatment days, while catastrophic payments were defined as OOP payments exceeding 10% of household income. Among the right-hand side variables were the interaction terms of the new policy with income levels, as well as a set of household characteristics.
INTRODUCTION
Many countries are trying to achieve universal health coverage (UHC), which is expected to improve the health of the population through better access to health services and to provide financial protection for households [1] . However, it is often the case that some developing countries trying to achieve UHC do not have enough resources to provide com-prehensive benefit coverage, even though they can achieve universal population coverage (UPC). For those countries, an incremental approach to the expansion of benefit coverage (i.e., UPC first, and then a gradual expansion of benefit coverage) is often suggested, and this took place in Korea.
Korea achieved UPC through National Health Insurance (NHI) in 1989, only 12 years after its first social health insurance (SHI) program was introduced. Despite the early achievement of UPC, the Korean NHI has been characterized by having high out-of-pocket (OOP) payments due to limited benefit coverage, which had to do with the low contributions that helped make it possible to achieve UPC in such a short period [2] . The Korean government has made various efforts to relieve households of the financial burden imposed by high OOP payments, such as the "copayment ceiling" introduced in 2004, whereby patients were responsible for paying copayments only up to a pre-designated ceiling of 3 million Korean won (KRW) (about US dollar 1=KRW 1000) per 6 months, and were exempt from paying expenditures above that ceiling. Although the uniform ceiling was lowered to KRW 2 million per 6 months in 2007, the criticism was made that since the uniform ceiling was applied to all households regardless of their ability to pay, it was more favorable to the rich who could afford expensive health care and thus whose copayments were more likely to exceed the ceiling. As a result, a differential or tiered ceiling on copayments was introduced in 2009, with the copayment ceiling depending on patients' income. Using data on health insurance contributions as a proxy for ability to pay, the insurer categorized all households into 3 groups: the lower 50% (group 1), the middle 30% (group 2), and the upper 20% (group 3). The new ceilings were KRW 2 million, 3 million, and 4 million per year, respectively. This meant that the ceilings for group 1 and group 2 were lowered by KRW 2 million and 1 million per year, respectively, while that for group 3 remained unchanged.
OOP payments such as copayments and user fees are often used as tools to prevent patients' moral hazard and sometimes as extra sources of health financing where resources are limited. However, it has been reported that OOP payments have the disadvantages of discouraging utilization and being a barrier to seeking health care [3] or imposing a financial burden when health care is inevitably sought [4] , which is particularly true of the poor. Thus, reducing the copayment or eliminating user fees is expected to improve access to health services and to provide better financial protection. Although introducing an SHI or achieving UPC has generally reduced the frequency of financial catastrophes in various healthcare settings [5] [6] [7] [8] , some evidence shows that reducing copayments or eliminating user fees does not necessarily lead to the reduction of catastrophic payments, with the effects of these policies on financial protection varying depending on the health system [9] [10] [11] .
Likewise, it is uncertain whether the ceiling on copayments, in the Korean context, improved financial protection by reducing OOP payments, even though it may have easily increased the utilization of health services, particularly among people with unmet needs because of high OOP payments. Moreover, it is not clear whether the effects of the differential ceiling vary across different income groups. Furthermore, the impact of the new policy could be different depending on the size of the target population and the nature of OOP payments inherent to Korea.
Thus, the aim of this study was to examine the effect of the differential copayment ceiling on financial protection and utilization, particularly focusing on whether its effects varied across different income groups. We further added to the available evidence on this issue by analyzing both all households with patients and households with cancer patients. This study may contribute to shedding light on finding a path for many developing countries trying to achieve UHC with limited resources.
METHODS

Data
The study drew upon data from the Korea Health Panel (KHP) survey, which is conducted annually with a nationally representative sample of households and provides the best available longitudinal data on health utilization and healthcare expenditures in Korea. This study used the data available from 2008 to 2011. The number of households included in the study was 6555 in 2008, 5859 in 2009, 5539 in 2010, and 5372 in 2011, respectively. This study only included households enrolled in the NHI because the copayment ceiling is inherently linked to the NHI. The summary statistics of households included in the analysis are given in Table 1 . In addition, trends in utilization, OOP payments and their share of income, and the incidence of catastrophic payments by income group are shown in Figure 1 and Table 2 .
Household income included the wage income of all household members as well as incomes from other sources such as financial assets and real estate. OOP payments are health ex- penditures that patients pay at the time of using health services and comprise not only copayment for services covered by the NHI, but also direct payments for services not covered. Treatment days, as a measure of utilization, included outpatient and emergency visits, as well as inpatient days. As a measure of financial protection, catastrophic payments were defined as an OOP payment exceeding 10% of household income [12] .
Estimation Strategy
To assess the effect of the differential copayment ceiling on utilization, OOP payments, and catastrophic payment, we applied different random-effects models depending on the dependent variables. Since utilization was measured as the number of visits or inpatient days, which are count data, randomeffects Poisson models were applied. Taking account of the heavy tail of OOP payments, they were log-transformed before the random-effects regression models were applied. Finally, random-effects logit models were applied to the incidence of a catastrophic payment, which was binary, 0 or 1.
In this equation, Yit represents the amount of utilization, OOP payment, or the incidence of catastrophic payment of household i at time t. The model included a variable indicating the post-intervention (policy) state along with 2 time trends (d2010, d2011); its interaction terms with different income groups (groups 2 and 3); and a set of household characteristics ( χ it). The variables controlled for included demographics (age and gender of household head, household size, and the presence of an elderly member), occupation of the household head, and health status (Charlson comorbidity index [CCI] of household members). The CCI was constructed by adding the weights given to each of a set of chronic diseases that all household members had [13] .
RESULTS
Trends in Utilization, Out-of-pocket Payments, and Catastrophic Payments
For all households, the utilization of health services, especially outpatient visits, increased over time among all income groups, and the number of treatment days in 2011 amounted to 48 days per household on average, with some variation between groups (Figure 1Ⓐ-Ⓒ) . OOP payments also increased over time across different groups, but group 3 consistently spent more than the other two groups (Table 2) . Broadly speaking, the share of income allocated to OOP payments was over 10% for group 1, while it was as low as 3 and 2%, respectively, for groups 2 and 3. This led to a stark contrast in catastrophic payments among the different income groups. The incidence of catastrophic payments among group 1 kept increasing, and was as high as 28.2% in 2011, while the incidence for the other 2 groups remained relatively low and stable (Table 2 ).
In households with cancer patients, the utilization of health services increased over time, except for a decrease among group 3 in 2011, which had to do with a sharp decrease in inpatient days (Figure 1Ⓓ-Ⓕ) . The number of treatment days amounted to 62 days per household, about 30% more than that of all patients. OOP payments decreased, with differences between groups becoming smaller in 2009, after which they increased very rapidly, with the gap between groups widening. The OOP share of income was over 20% for group 1, while it was as low as 6 and 4%, respectively, for groups 2 and 3. On average, the incidence of catastrophic payments remained stable over the years. However, it reached a remarkably high level (over 50%) among group 1, while it decreased among group 3 to be as low as 3.1% in 2011 ( Table 2) .
Effects of the Differential Copayment Ceiling
Utilization
The random-effects Poisson models showed that for all patients, the copayment ceiling significantly increased utilization among all groups, with an even larger increase among group 1. For cancer patients, the copayment ceiling increased utilization among groups 1 and 3, with a slight decrease among group 2 (Tables 3 and 4) .
Out-of-pocket payments
For all patients, OOP payments for group 1 increased after the new policy by 13.8%, but the effect did not show a significant difference across income groups, which means that the OOP, out of pocket; ME, marginal effect. OOP, out of pocket; ME, marginal effect.
copayment ceiling increased OOP payments substantively regardless of income group (Table 3) . However, this was not the case for cancer patients, among whom OOP payments decreased significantly in group 1 by 15.3%, while it did not decrease in group 2 and showed a smaller and non-significant decrease in group 3 (Table 4) .
Catastrophic payments
For all patients, the number of households in which OOP payments exceeded 10% of household income showed a tendency to increase, though not to a significant extent, with little difference across income groups (Table 3 ). In contrast, the incidence of catastrophic payments seemed to decrease among cancer patients, though not significantly, except for group 2 (Table 4) .
DISCUSSION
The new policy of the differential copayment ceiling aimed to improve financial protection by reducing copayments, particularly for low-income and middle-income households. However, the results showed that the new policy did not seem to reduce significantly the incidence of catastrophic payments among cancer patients, and that it even seemed to increase the incidence among all patients. Looking more closely into the data can help interpret these findings to some extent.
One possibility is that the number of households benefiting from the new copayment ceiling is still limited. The proportion of those households of which the copayment was above the old ceiling (KRW 4 million per year)-in other words, those that were benefiting from the uniform ceiling-was as low as 1.7% for all patients and 1.4% for cancer patients, respectively. The differential ceiling added new beneficiaries to them, so that the proportion of beneficiaries increased by 2.8% of all patients and 2.4% of cancer patients, which left the vast majority of the households, 95.5 and 96.2%, respectively, still not benefiting from the copayment ceiling.
Overall, the differential ceiling increased utilization regardless of income levels, which was true for all patients and cancer patients. However, further examination of the data reveals different stories about changes in OOP between the 2 types of patients. Among all patients, for example, those households spending less than the new ceiling (KRW 2 or 3 million) did not still reach the ceiling in spite of increased use and thus paid a higher OOP, which led to an increased likelihood of catastrophic payments. As for those households spending more than the old ceiling (KRW 4 million), their extra benefit (i.e., reduction in the copayment by KRW 2 or 1 million) was most likely to reduce their OOP. However, the reduction was not enough to lower the incidence of catastrophic payments. This is because of the high proportion of direct payments for services not covered by the NHI. Considering the high proportion of households not benefiting from the new ceiling, it turned out that overall OOP payments increased and catastrophic payments also showed an increasing trend for all patients.
In contrast, for cancer patients, whose average OOP payments were more than twice those of all patients, the increase in utilization did not lead to increases in OOP payments. Instead, along with many existing protective measures for reducing copayments for cancer patients, the lowered ceiling contributed to a further reduction in copayments and overall OOP payments (Table 2) . Nevertheless, the reductions in the copayments did not reduce the frequency of catastrophic payments among cancer patients. Again, this was because the proportion of direct payments for non-covered services that most cancer patients used was remarkably high. In fact, the direct payments of cancer patients were about 4 times as high as those of all patients, although the copayments were comparable between them.
The new policy of a differential ceiling on copayments, introduced to alleviate the financial burden caused by the utilization of health services in the NHI, has some implications for equity. Compared to the uniform ceiling, the differential ceiling increased the number of households that benefited from the ceiling among group 1 and group 2, although to a lesser extent, while it brought no change for group 3. For all patients, for example, the proportion of those benefiting from the differential ceiling increased from 1.5 to 6.2% in group 1 and from 1.3 to 2.9% in group 2. Similar improvements were observed among cancer patients. Further, it led to increased utilization among all groups, with even greater increase among group 1.
Unlike its positive effect on utilization, the effect of the differential copayment ceiling on financial protection seemed to be limited, which has 2 policy implications. First, based on the distribution of copayments, the percentage of the households that would benefit from the new policy remained very low, despite a slight increase. This is because the ceiling was not well 'differentiated, ' although a 3-tiered ceiling was better than a uniform ceiling, which suggests that multi-tiered ceilings that are more closely related to households' ability to pay may be preferable if the administrative burdens are not huge, which is true of Korea, where all data on healthcare utilization are electronically managed. Since 2014, a further differentiated (7-tiered) ceiling on copayment has been in place.
Second, the partial effect of the copayment ceiling can be attributed to the high proportion of direct payments for services not covered by the NHI. It was inevitable that the new policy had a partial effect because it focused only on copayments, not on all OOP payments. This implies that extending benefit coverage to the services currently not covered is very important in order to improve financial protection. Considering the rapid introduction of state-of-the-art medical technologies into the Korean healthcare market, policy agendas such as which service items to include in the benefits package of the NHI and how to regulate the utilization of the items not included would be crucial to improving financial protection in the coming years.
This study has some limitations. First, it focused on financial protection as an effect of the differential copayment ceiling, but not on health outcomes. It would be difficult to assess the health effects of this new policy, and a longer time span would be necessary. Further macro-level evaluation studies accounting for health outcomes, transaction costs, and so on are warranted. Second, the KHP data did not provide separate information on copayments and direct payments, and provided only aggregate information on OOP. In order to have a sketchy idea of the composition of OOP payments, the relative weights of the 2 components had to be borrowed from another survey [14, 15] . Third, regarding the model specification, a variable indicating whether a household has private health insurance was not included. Despite a few studies [16, 17] showing no significant insurance effect, there remains the possibility of omitted variable bias, so the estimated coefficients need to be interpreted with caution.
Notwithstanding these limitations, this study made the contribution of examining the effects of the copayment ceiling for the first time in Korea. To summarize, the differential ceiling contributed to increased utilization regardless of income level, and it had limited effects on improving financial protection. This seems to have to do with 2 points: the relatively small number of households benefiting from the differential ceilings and the substantial amount of direct payments for services not covered by the NHI.
